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Introduction
COPD is a progressive respiratory disease characterized by persistent airflow obstruction that is not reversible. 1, 2 Airflow obstruction in COPD is associated with increased morbidity and mortality, with cardiovascular diseases and lung cancer being the leading comorbidities and causes of death among patients with COPD. [3] [4] [5] Acute exacerbations experienced by patients with COPD are defined by increased cough, dyspnea, or sputum purulence and are associated with the rapid decline of lung function.
In the UK, the diagnosis of COPD in the primary care setting is made on the basis of symptoms and signs supported by spirometry according to the National Institute for Health and Care Excellence (NICE) guidelines. 2 The new Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2013 classification aims to guide therapy by determining the severity of the disease, according to the combined evaluation of patients' symptoms including dyspnea, severity of spirometric abnormality, risk of exacerbations based on prior history, and comorbidities. 1 Given that guidance on treatment options is provided according to disease severity, it is important to assess patient characteristics, particularly in the primary care setting where the majority of care of COPD is delivered in the UK. In the present study, we used retrospective, observational primary care data to quantify the cross-sectional point prevalence of COPD at the end of 2013 and the 5-year incidence (2009) (2010) (2011) (2012) in the UK according to the GOLD 2013 severity categories. In addition, the study investigated patient characteristics and medication use among patients with COPD in the UK.
Methods Data
GPs are the primary point of contact for nonurgent patients within the UK National Health Service, often referred to as "gate-keepers" for patient specialist care. The majority of patients with chronic respiratory symptoms are diagnosed and managed by GPs in the primary care setting in the UK. The Quality and Outcomes Framework, an annual reward and incentive program detailing GP practice achievement results, includes eight indicators for COPD from initial diagnosis to ongoing management. Examples of such indicators are the percentage of patients with a first diagnosis confirmed by spirometry or the percentage of existing patients with recent records of spirometry and dyspnea assessment and are aimed to provide incentives for GPs to better record and subsequently assess patients with COPD. 10, 11 Primary care data were extracted from the Clinical Practice Research Datalink (CPRD). The CPRD contains longitudinal data from 630 real-life clinical practices and covers approximately 8% of the population in the UK. The patient population captured in the database is known to be broadly representative of the UK population. CPRD data have previously been used for research in the COPD area as well as epidemiological research. [3] [4] [5] [12] [13] [14] The study protocol was approved by the Independent Scientific Advisory Committee for Medicines and Healthcare products Regulatory Agency Database Research (protocol number 14_052).
study population
Validated Read codes indicating COPD, chronic bronchitis, or emphysema were used to identify patients with a diagnosis of COPD at any time in their medical record until December 31, 2013, inclusive. Only patients aged 40 years and older at diagnosis were included in the analysis from practices whose data met "Acceptable Quality Standard" in the CPRD.
Patients with a diagnosis prior to January 1, 2009, and who were active on December 31, 2013, were entered into a prevalent cohort. Patients entered an incident cohort if they had a first-time COPD diagnosis between January 1, 2009, and December 31, 2013. In both cohorts, patients with less than 12 months of active data recoding history prior to cohort entry were excluded from the analysis.
study measures
Clinical and demographic characteristics were assessed at the time of first diagnosis (index date) for the incident cohort and on December 31, 2013, for the prevalent cohort. These characteristics included age, sex, and smoking history. Commonly reported comorbid conditions in patients with COPD as previously identified 15 were investigated: myocardial infarction, diabetes mellitus, hypertension, osteoporosis, anxiety, and depression. Chronic conditions were assessed from the whole patient record except for depression, for which the assessment period was 12 months prior to index date.
Prescribed maintenance therapies for COPD were identified in the 6 months prior to the point prevalence and index date for the prevalent and incident patients, respectively. The investigated treatments were those recommended by GOLD 1 as monotherapy or combination therapy: short-acting beta agonists (SABA), short-acting anticholinergics, longacting beta agonists (LABA), long-acting anticholinergics (LAMA), methylxanthines, inhaled corticosteroids (ICS), 
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epidemiology of COPD in the United Kingdom and oral corticosteroids (OCS). OCS prescriptions during exacerbation episodes were excluded and were assessed as a part of exacerbations.
GOLD classification parameters
In order to classify patients into the GOLD categories, parameters to assess the exacerbation risk and symptoms as outlined in the GOLD 2013 management strategy 1 were investigated. Classification of airflow limitation severity was performed based on %predicted forced expiratory volume in 1 second (FEV 1 ) test results recorded in CPRD, which were classified according to the GOLD 2013 stages: I (mild): FEV 1 $80% predicted; II (moderate): FEV 1 $50% and ,80% predicted; III (severe): FEV 1 $30% and ,50% predicted; and IV (very severe): FEV 1 ,30% predicted. Dyspnea was assessed using the available Medical Research Council (MRC) score identified through Read codes and mapped to the modified MRC (mMRC) dyspnea grade used in GOLD 2013. The original MRC scale from 1 (least severe breathlessness) to 5 (more severe breathlessness) equals mMRC grades 0-4, with MRC grade 1 equal to mMRC grade 0. 16 The most recent FEV 1 and MRC measurements were assessed between December 31, 2012, and up to the end of data collection (February 2014) for the prevalent cohort, and within the 12 months prior to or after index date for the incident cohort.
In this study, exacerbation episodes were identified by the following: 1. A Read code in the clinical record indicating exacerbations or emergency admission to hospital due to COPD; or 2. An OCS and oral antibiotic prescription occurring on the same date with the OCS not being used as maintenance treatment; or 3. An OCS prescription or oral antibiotic prescription that is not part of a maintenance episode occurring on the same date as a specific list of Read codes indicating exacerbations.
To identify exacerbation episodes, a 21-day time period was used; 17 that is, consecutive prescriptions of oral steroids, oral or injected antibiotics, or hospitalizations for the same reason of admission within 21 days of the first record were considered to be a single exacerbation. Episodes were identified in the 12 months prior to the prevalence point (prevalent cohort) and prior to index date (incident cohort).
statistical analyses
Descriptive data on clinical and demographic characteristics, and the GOLD classification parameters for the prevalent and incident cohorts, were presented as mean (standard deviation [SD]), median (interquartile range), or percentages, as appropriate.
Cross-sectional point prevalence rate (per 1,000) were calculated by dividing the number of cases of COPD classified in each of the GOLD categories on December 31, 2013 by the number of subjects without COPD registered in CPRD at that point in time (total population). Total 5-year crude incidence rates (per 1,000 patient-years) were calculated by dividing the number of incident cases of COPD classified by GOLD category by the number of person-years at risk for subjects registered in CPRD over the 5-year study period. The analyses included stratification of prevalence and incidence rates by age and sex, using the 2012 and 2011 UK population estimates obtained from the UK Office of National Statistics. 18 The 95% confidence intervals (CIs) were calculated based on the Poisson approximation.
All data programming and analyses were carried out using SAS (version 9.2) and Stata MP v12.
Results

epidemiology of COPD by gOlD categories
The UK age-and sex-standardized prevalence of COPD was 21.9 per 1,000 persons (95% CI: 21.7-22.1) among patients in the low-risk GOLD categories A/B and 11.1 per 1,000 persons (95% CI: 10.9-11.2) in the high-risk GOLD categories C/D (Table 1) .
Across high-and low-risk groups, prevalence was higher in males than in females. By age group, the prevalence of COPD was highest among patients aged 75 years and above for both high-risk and low-risk GOLD categories ( Figure 1) .
The overall age-and sex-standardized 5-year (2009-2013) incidence rate of COPD was 2.2 per 1,000 person-years (95% CI: 2.2, 2.2). The corresponding age-and sex-standardized prevalence of COPD in the low-risk GOLD categories A/B was 1.5 per 1,000 person-years (95% CI: 1.5, 1.5), which was higher than the prevalence of COPD in the high-risk GOLD categories C/D of 0.7 per 1,000 person-years (95% CI: 0.7, 0.7) ( Table 1) .
Incidence peaked in patients classified in high-risk categories C/D among patients aged 65-74 years old; this peak was also observed for the same age group in patients classified in low-risk categories A/B (Figure 2 ). Crude incidence was higher for males than females in both GOLD risk groups: 
Clinical and demographic patient characteristics
A total of 181,871 patients were identified with a Read code indicative of COPD anytime in their medical record prior to December 31, 2013 . A total of 4,919 (2.7%) patients had their first COPD record at an age younger than 40 years and were excluded from the analysis. Of the 176,952 patients with COPD included in the study population, 49,286 patients met the criteria for inclusion in the prevalent cohort, and 27,224 newly diagnosed COPD cases were included in the incident cohort ( Figure 3 ).
Prevalent cohort
The average age at the time of diagnosis in the COPD prevalent cohort was 64.1 (SD 10.8) years, 51.0% were male. Of the patients, 78.2% were either current or former smokers (50.7% were ex-smokers and 27.5% were classified as current smokers) ( Table 2) . On December 31, 2013, the average time since diagnosis was 6.5 years. The most commonly recorded comorbidities were hypertension (34.5%), diabetes (19.4%), and osteoporosis (11.6%).
On December 31, 2013, the majority of prevalent patients with COPD (55.9%) were prescribed combination therapy ( Table 3 ). The most frequent combination therapy was LABA + LAMA + ICS, prescribed for 28.6% of patients, followed by LABA + ICS (20.1%). Monotherapy was prescribed in 25.8% of the prevalent patients, with SABA and LAMA being the most frequently prescribed monotherapies (11.2% and 10.1%, respectively); 18.2% did not have a prescription of COPD medication in their medical record.
Incident cohort
The mean (SD) age of the incident cohort was 67 (11.4) years, 53.0% were males, 81.8% of the patients were either current or former smokers (40.9% were ex-smokers and 40.9% of patients were classified as current smokers). The most commonly recorded comorbidities were hypertension (30.9%), diabetes (13.7%), and myocardial infarction (7.6%).
Incident patients were most frequently prescribed monotherapies (48.5%), with 28.1% being prescribed SABA as 
gOlD assessment
The proportion of prevalent patients with a FEV 1 % predicted measurement recorded was 55.2% and 66.0% for patients with an MRC score around point prevalence date (Table 4) . Almost half the patients with available FEV 1 records (53.5%) had moderate airflow limitation, followed by 25.6% with severe to very severe airflow limitation, and 20.8% with mild airflow limitation. Of patients with mMRC scores, the largest proportion had grade 1 (38.9%) followed by grade 2 (26.6%) dyspnea. Exacerbations were defined for all patients. Evidence of at least one exacerbation episode in the 12 months prior to December 31, 2013, was present in 51.7% of patients. Two or more exacerbations were identified among 25.5% of prevalent patients. In the incident cohort, 81.6% of patients had a least one valid FEV 1 % predicted record in the year prior to diagnosis.
The distribution of patients by airflow limitation was similar to that in the prevalent cohort, with 61.0% of patients with moderate airflow limitation, followed by 20.7% with severe to very severe, and 18.2% with mild airflow limitation. MRC scores were available for 81.3% of patients in the 12 months around diagnosis (Table 4) and were mapped to the mMRC dyspnea scale. Most newly diagnosed patients had grade 1 (44.2%), while 22.9% had grade 2 dyspnea. Records for both FEV 1 % predicted and the mapped mMRC were present in 65.5% of the incident cohort. A total of 47.5% of the incident cohort had evidence of at least one exacerbation in their record, in the year prior to diagnosis. Two or more exacerbations were identified among 18.9% of newly diagnosed patients.
As data were not available for mMRC scores required for symptom assessment, 16,771 (34.0%) patients in the prevalent cohort and 5,080 (18.7%) patients in the incident cohort could not be classified into one of the A, B, C, or D GOLD categories. On the basis of history of exacerbations, total patients in both cohorts were classified into combined 
Clinical and demographic patient characteristics by gOlD categories Prevalent cohort
Prevalent patients in GOLD A/B categories had a mean age of 64 (SD 11.0) years at diagnosis, 51.1% were male, 49.1% were ex-smokers, and 27.1% were classified as current smokers (Table 5 ). Patients classified in GOLD categories C/D were slightly younger with a mean age of 63.7 (10.4), 50.8% were males, 54.0% were ex-smokers, and 28.4% were classified as current smokers. The prevalence of comorbidities was similar in both incident and prevalent groups, with the most common conditions being hypertension (GOLD A/B: 34.7%; GOLD C/D: 34.0%), diabetes (GOLD A/B: 19.0%; GOLD C/D: 20.2%), and osteoporosis (GOLD A/B: 10.5%; GOLD C/D: 13.7%). The majority of patients for both risk groups were treated with a combination therapy (74.6% in most severe patients), with the most frequent combination LAMA + LABA + ICS, having been prescribed for 21.1% of low-risk A/B patients and for 43.4% among high-risk C/D patients (Table 6 ). Almost one-quarter of the patients in GOLD A/B categories and 5.9% of patients in GOLD C/D categories did not receive any of the treatments.
Incident cohort
Newly diagnosed patients in GOLD A/B categories had a mean (SD) age of 67 (11.5) years at first diagnosis, 53.5% were male, 39.9% were ex-smokers, and 40.4% were classified as current smokers (Table 7) . Incident patients in GOLD C/D categories had a mean (SD) age of 67 (11.1) years and a high proportion (41.9%) of patients were classified as current smokers. Similar to the prevalent cohort, the most common comorbidities among patients, regardless of severity, were hypertension (GOLD A/B: 30.8%; GOLD C/D: 31.2%), diabetes (GOLD A/B: 13%; GOLD C/D: 15.3%), and myocardial infarction (GOLD A/B: 7.3%; GOLD C/D: 8.3%).
The majority of low-risk patients were prescribed a monotherapy (GOLD A/B: 49.0%), with SABA being the most commonly used monotherapy (29.3%), whereas 22.4% received combination treatment (Table 8 ). For high-risk patients in GOLD C/D categories, 47.6% were on monotherapy and 35.2% received combination treatment, with LABA + ICS being the most frequently prescribed treatment (17.0% of GOLD C/D patients). However, around 17.2% of the most severe cases did not receive any of the specified treatments.
Discussion
A third of patients with COPD in the UK are classified as high risk based on lung function and exacerbation history. In line with previously published studies, 6 ,19 the overall age-and sex-standardized prevalence of COPD in the UK was found to be 33.0 per 1,000 persons at the end of 2013; this rate was higher in the low-risk COPD categories A/B Abbreviations: FDC, fixed-dose combination; GOLD, Global Initiative for Chronic Obstructive Lung Disease; GOLD A, low symptoms, low risk; GOLD B, high symptoms, low risk; gOlD C, low symptoms, high risk; gOlD D, high symptoms, high risk; ICs, inhaled corticosteroids; laBa, long-acting beta agonists; laMa, long-acting anticholinergics; n, number of patients; OCs, oral corticosteroids; saBa, short-acting beta agonists; saMa, short-acting anticholinergics.
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raluy-Callado et al compared with the high-risk COPD categories C/D. The ageand sex-standardized 5-year incidence of COPD was 2.2 per 1,000 person-years between 2009 and 2013, equivalent to 5,000 newly diagnosed patients per year. The incidence and prevalence rates were calculated among patients who sought medical attention for their symptoms, as indicated in their medical records. These rates are lower than those expected in the general population as 60%-85% of people with COPD, mainly with mild-to-moderate disease, are thought to remain undiagnosed. 20 In our study, a third of the patients were diagnosed for the first time at a high-risk stage, in line with previously reported results that COPD is often not detected until the airflow obstruction is severe. 21 It has been argued that subjects may not seek medical attention until the disease becomes advanced because they gradually adapt to the symptoms or their doctor may not notice them. 22, 23 The incidence of high-risk COPD (C/D categories) was 0.7 per 1,000 person-years, with a significant proportion (31.3%) of newly diagnosed patients with COPD being diagnosed at high risk. Previous epidemiological studies using smaller patient samples have reported the prevalence and incidence of COPD in the UK; 12, 24 however, to our knowledge this is the first study to report prevalence and incidence COPD rates in the UK using a large population-based database by disease severity, as defined by the GOLD 2013 management strategy document. 1 Prior to 2011, GOLD strategies for the management of COPD were solely based on spirometry evaluation. However, FEV 1 was found to be a poor indicator of disease status leading to the update of the GOLD management strategy first published in 2011 and most recently updated in 2013, which incorporates important aspects of the disease such as symptoms and future risk of disease progression, especially exacerbations. In the present study, by using FEV 1 measurements only, as opposed to the combined assessment of symptoms and risk of future exacerbations, we would have classified 25.6% of the prevalent patients in GOLD III and IV (severe/very severe COPD categories) versus 33.6% patients classified as severe/very severe using the new GOLD 2013 management strategy recommendations.
Comparison with other study populations, based on the same severity assessment framework as in the present study, reveals a similar distribution of patients across severity groups. Using data collected by the National Service for Health Improvement, Haughney et al described the distribution of 6,283 patients with COPD in the UK by the GOLD 2011 categories, which classified 44.9% of patients with COPD in the high-risk C/D categories. 24 Jones et al using international cross-sectional survey data, investigated the distribution of a COPD population across the GOLD 2011 severity groups.
Using the mMRC scale for symptom assessment, 42.2% of patients were allocated in the high-risk categories C/D. 25 In addition, a previous study revealed that people with COPD are more likely to be older, male, and socioeconomically deprived, than those without the disease. 7 Our findings confirm that higher prevalence rates were associated with older age, with the highest rate for patients $75 years old.
In our study we found that a significant proportion of newly diagnosed patients with COPD are diagnosed when their condition is considered high risk. This may be explained by findings from a recent retrospective cohort study that investigated pharmacotherapy use in the UK primary care setting using the CPRD. 13 Prior to the first COPD diagnosis recorded, many patients were treated with COPD pharmacotherapy to reduce symptoms, indicating a potential delay of a definite COPD diagnosis in primary care, until later stages of the disease.
Combination therapy with LABA + ICS or LAMA + LABA (if ICS is not tolerated) and LAMA monotherapy is recommended by NICE guidelines 2 for the management of severe stable COPD, while a combination of LAMA + LABA + ICS is recommended to be considered in cases of persistent exacerbations or breathlessness. Among newly diagnosed patients with COPD classified in the high-risk GOLD categories C/D, 44.5% received medications recommended by NICE at the time of diagnosis. However, 38.3% of patients received monotherapies (other than LAMA) or other combination medications that were not recommended for severe stable COPD, indicating that they were in early stages of disease management. Interestingly, for 17.2% of severe cases no prescriptions for COPD medication were found, whereas in the prevalent cohort this percentage was only 5.2%. These results suggest possible undertreatment of the high-risk patient population in real-world practice in the UK, particularly when newly diagnosed.
The importance of recognizing and treating comorbidities in COPD has been discussed in previous research. 26 In the absence of a systematic screening protocol for prevalent comorbidities among COPD patients, it is likely that these are underreported. The current study assessed the prevalence of most common comorbidities among COPD patients as reported in previous studies. 15 The prevalence of comorbidities was found to be high for both cohorts, among all categories, with the highest proportions in the high-risk categories C/D. These results are in agreement with findings from recent cross-sectional survey for an international COPD population suggesting a link between disease severity assessed by GOLD and prevalence of metabolic and cardiovascular comorbidities. A major strength of the current study is the use of CPRD data that offer a large sample size, validated in prior studies, 27 and well known to be representative of the demographic breakdown and primary care for the whole UK population.
One limitation of the study was the lack of complete mMRC records for symptom assessment, which did not allow us to report the study results in each of the GOLD categories A, B, C, and D, separately. Using available records, we were able to classify 66.0% of prevalent patients and 81.3% of incident patients into the GOLD categories A, B, C, and D. Patients with incomplete records were, on average, older, had a higher prevalence of comorbidities, and a high proportion (31.0% of prevalent patients and 38.6% of newly diagnosed patients) had not been prescribed any medication for the management of stable COPD when disease severity was being assessed (data not shown). Underperformance of the adequate diagnostic tests during follow-up on behalf of the GPs could possibly imply that these patients presented with milder COPD; however, the evidence from our study is not sufficient to infer any conclusions regarding the severity of COPD among these patients. For both cohorts, to mitigate potential misclassification bias, results were reported by aggregate groups A/B and C/D, given that the exacerbation history was complete for all patients.
Nevertheless, in this study, better recording of MRC and spirometry measurements among the incident cohort with patients diagnosed from 2009 onward revealed an improvement in data quality in more recent years, with about 81.3% of newly diagnosed patients with COPD having at least one record of MRC grade and about 81.6% of patients having at least one spirometry test recorded. This observation is in agreement with previous studies, confirming the association of improved data quality in recent years and the inclusion of MRC dyspnea scale, and spirometry indicators within the Quality and Outcomes Framework in April 2009. 10, 12 Futures studies could collect information on parameters for all COPD patients that would allow a more detailed classification and the consideration of important outcomes such as mortality, as seen in previous research. 28 A total of 18.2% and 25.1% of patients in the prevalent and incident cohorts, respectively, were found to have not received any medication for the management of stable COPD. We were only able to capture medications prescribed in the primary care setting; hence, any medications that may have been prescribed by a specialist or during a hospital visit were not recorded. The percentage of these prescriptions is expected to be low due to the COPD management guidelines in the UK. 2 The difficulty of recording exacerbation episodes accurately in the clinical practice has been described previously. 29, 30 Following a similar approach to Donaldson et al 31 we identified possible exacerbation history through Read codes, indicating exacerbations or COPD-related hospitalization and prescriptions of oral antibiotics and oral steroids. In this study, we improved the exacerbation definition by linking prescriptions to the events identified by Read codes. However, a limitation of this study was that the exacerbation definition relied upon hospitalizations recorded in primary care. It is possible that GPs fail to record milder exacerbations or that some exacerbations may not be captured in primary care 13 (those that occur at home or at the hospital setting); thus, our results may underestimate the frequency of exacerbations. Nonetheless, in the UK, follow-up care is managed by primary care physicians, and most exacerbation episodes are likely to be captured by prescriptions of antibiotics or OCS; therefore, the underestimation of the frequency of exacerbations is expected to be low. Future research could look to complement primary care data with English Hospital Episodes Statistics database in order to validate the reporting of COPD-related hospitalizations in CPRD.
Latest updated GOLD management guidelines in 2015 were revised to classify patients as high risk with two or more exacerbations or at least one exacerbation-related hospital admission, 32 compared to the GOLD 2013 release, where high risk was based on at least two exacerbations alone. It is estimated that the inclusion of hospitalization data in future research could lead to a shift of the patient distribution to higher severity categories and would be an interesting analyses in future research.
Conclusion
On December 31, 2013, 33.3 patients in 1,000 were living with COPD in the UK, and a third (33.6%) was considered high risk and most severe (GOLD 2013 classification severity levels C/D). This was an elderly subgroup of the population (average age 70 years old) with other chronic and severe comorbidities, and even though more than half of the patients were treated with combination therapy, results showed a potential undertreatment for 38.3% of patients who were not on any of the medications recommended by NICE for the management of severe stable COPD. Every year, 5,000 patients in the UK are expected to be newly diagnosed with COPD. In our study, a third of newly diagnosed patients (31.3%) were diagnosed at an older age (68 years old), when presenting symptoms and airflow limitation is more severe (GOLD 2013 categories C/D). However, the absence of any combination treatment for almost half of these patients indicated they were in the early stages of their COPD management. Earlier diagnosis may allow identification of milder cases that could be better controlled and appropriately treated. Further research into COPD management and management of COPD exacerbations by GOLD stage would allow better understanding of the impact of the management of the disease on patients' health and overall health care resource utilization.
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